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Magnetic tunnel junctions (MTJs) with an 10-ordered FePt alloy were fabricated and characterized. As a bottom electrode, an
in-plane magnetized 10 FePt(110) layer was grown epitaxially on an Au buffer layer. A multiple oxidation process was used for the
formation of Al oxide barriers. The 10-FePt/AlO/FeCo MTJ prepared shows tunnel magnetoresistance of 18% and 40% at room tem-
perature (RT) and 4.2 K, respectively. The observed RT magnetoresistance is improved, compared to the previously reported results for
the 10-FePt MTJs by a conventional single oxidation process.
Index Terms—FePt-ordered alloy, multiple oxidation, tunnel junction, tunnel magnetoresistance.
I. INTRODUCTION
AMAGNETIC tunnel junction (MTJ) is one of the mostimportant structures in spin electronics, and much effort
has been made to reduce the size of MTJs for large-scale
integration. Since the trend of large-scale integration is being
continued in electronic devices, the problem of thermal fluctu-
ation of magnetization of MTJs is expected to emerge in the
future. An -ordered FePt alloy is a candidate ferromagnetic
material to overcome this problem because of the large mag-
netocrystalline anisotropy energy of 7 10 erg/cc [1].
Although the estimation of the size limitation for the thermal
stability depends on the device designs, by using the condition
of / ( is volume, is the Boltzmann’s
constant, and is temperature), the size limitation of about
10 10 2 nm is obtained for a FePt alloy with Ku 10
erg/cc and is small enough to be suitable for the large-scale
integration in the future. On the other hand, the critical size
estimated for conventional CoFe alloy electrodes with mag-
netic anisotropy energies of 10 -10 erg/cc is comparable to
100 100 2 nm or a little smaller.
While FePt alloy films are intensively investigated for
hard disk media, only a few studies have been performed on
MTJs with FePt electrodes so far. To our knowledge, no
successful result on a large RT magnetoresistance has been re-
ported. In our previous study [2], whereas tunnel magnetore-
sistance (TMR) of 34% was observed at 77 K for MTJs with
FePt electrodes, the tunnel resistance and the MR ratio
are anomalously lowered at room temperature (RT). Substrate
heating for the chemical ordering of FePt leads to considerable
surface roughness of the FePt electrodes [2], and the surface
roughness is possibly one of the reasons for the low-quality
AlO tunnel barriers and the consequent small MR ratios ( 3%
at RT. Surface roughness due to substrate heating may be a
common problem for MTJs with ordered alloy electrodes such
as other -ordered alloys and half-metallic Heusler alloys [3],
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[4] since their ordering kinetics at RT is usually too slow to reach
the ordered state.
In this study, we applied a multiple oxidation process to the
formation of AlO barriers on a FePt bottom electrode. The
multiple oxidation was originally used for preparation of high-
quality Josephson junctions, and excellent gap properties were
achieved for the junctions [5], [6]. For MTJs, this method was
used for obtaining low resistive tunnel junctions suitable for de-
vice applications [7]. By using a multiple oxidation process,
AlO barriers were fabricated on FePt bottom electrodes
in various conditions, and magnetotransport properties of the
-FePt MTJs prepared were investigated.
II. EXPERIMENTAL PROCEDURE
FePt bottom electrodes were prepared by UHV mag-
netron sputtering with a shadow mask. A 1-nm Fe seed layer
and 10-nm Au buffer layer were deposited at RT on MgO(110)
single crystal substrates, and then an 18-nm Fe Pt
layer was grown with substrate heating of 300 C. The
FePt bottom electrodes were transferred to a different thin-film
preparation apparatus with air exposure. AlO barriers were
formed by the multiple oxidation process in the magnetron
sputtering chamber: Sputter deposition of a 0.3-nm Al layer
and natural oxidation with an argon-20% oxygen mixture of
30 mtorr were repeated twice, and an Al layer of 1.4–2.4 nm
in thickness was deposited, followed by plasma oxidation for
10–40 min. The plasma was generated by applying 5-W rf
power to a 30-mtorr argon-20% oxygen mixture. The details of
the multiple oxidation process will be published elsewhere [8].
A Fe Co top electrode was deposited to complete the MTJ
structure with a cross-patterned geometry. The junction area
is 500 500 m . Structure and magnetic properties of the
FePt bottom electrode were characterized by X-ray diffraction
(XRD), reflection high-energy electron diffraction (RHEED),
and magnetization measurements. Magnetotransport proper-
ties, e.g., TMR and current–voltage (I-V) characteristics, were
measured by a dc four-probe method.
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Fig. 1. X-ray diffraction pattern of anL1 FePt bottom electrode grown on an
Au(110) buffer layer. Inset shows magnetization curves at RT for the L1 FePt
bottom electrode in the [001] direction.
Fig. 2. Dependence of tunnel resistance and magnetoresistance at RT on
the nominal thicknesses of Al layers and the plasma oxidation time for
L1 -FePt/AlO/FeCo MTJs prepared by using a multiple oxidation process.
III. RESULTS AND DISCUSSION
Fig. 1 shows a XRD pattern of the FePt bottom elec-
trode. The 110 and 330 superlattice peaks of the FePt
alloy are observed as well as the 220 fundamental peak. The
Fig. 3. Magnetoresistance curves at RT, 77 K, and 4.2 K for an
L1 -FePt/Al(2.5 nm)-O/FeCo MTJ prepared by using a multiple oxidation
process.
chemical ordering parameter is evaluated to be approxi-
mately 0.7 from the intensity ratios between the superlattice
and fundamental peaks, where the evaluation was performed
in the same manner as our previous work [9]. Epitaxial growth
with the crystallographic relationship of MgO(110)//FePt(110)
and MgO[001]//FePt[001] was confirmed by RHEED, i.e., the
easy magnetization axis (c-axis) of FePt is aligned along
the in-plane [001] direction. The in-plane magnetization curves
of the FePt electrode along the and [ ] directions
are shown in the inset of Fig. 1. The difference between the
two magnetization curves and the saturation field above 50 kOe
for the direction indicate the large magnetocrystalline
anisotropy of the FePt electrode, which is estimated to be
1.8 10 erg/cc.
Large tunnel resistances ( ) were observed at RT for the
-FePt MTJs prepared by the multiple oxidation process,
compared to those prepared by the conventional single oxida-
tion process [2]. Simultaneously, the temperature dependence
of was found to be greatly reduced. It is suggested that
the quality of AlO barriers, such as chemical and thickness
homogeneity, is improved by the multiple oxidation process.
Fig. 2 shows dependence of and TMR at RT on the nom-
inal thickness of Al layers and the plasma oxidation time for
the -FePt MTJs. Although the dependence of and the
correlation between and TMR are not clearly understood,
TMR exceeding 10% is obtained in a wide range of the Al
thickness and the plasma oxidation time. The barrier height
evaluated by fitting the Simmons’ equation [10] to the observed
I–V curves (not shown) ranges from 0.95 to 2.1 eV and shows
weak correlation with . The maximum MR ratio at RT in this
study is 18%, which is about six times larger than that for the
-FePt MTJ by the single oxidation process.
Fig. 3 shows MR curves at RT, 77 K, and 4.2 K for the
-FePt MTJ showing the largest TMR, for which the Al
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Fig. 4. Bias voltage dependence of tunnel magnetoresistance at RT for the
L1 -FePt/Al(2.5 nm)-O/FeCo MTJs shown in Fig. 3. V is estimated to be
270 mV.
thickness is 2.5 nm and the plasma oxidation time is 40 min.
Due to the large magnetocrystalline anisotropy of FePt, the
MR curve shows a large switching field of the FePt bottom
electrode and wide plateaus corresponding to the antiparallel
alignment of the top and bottom electrodes, even without an
antiferromagnetic pinning layer. The MR ratio increases with
decreasing temperature and reaches 40% at 4.2 K. The large
enhancement of TMR at low temperatures implies that the
RT magnetoresistance can be further improved. Actually, it
is considered that the microstructure of AlO barriers is not
optimized since the resistance ratio of 4.2 K to RT is close to
two, and the temperature dependence of R is still larger than
that for high-quality FeCo MTJs [11].
Fig. 4 shows the bias voltage dependence of TMR at RT for
the -FePt/Al(2.5 nm)-O/FeCo MTJ shown in Fig. 3. Simi-
larly to typical MTJs, the MR ratio decreases with increasing
bias voltage. , which is defined as the voltage for the half
value of the zero bias MR ratio, is approximately 270 mV. This is
somewhat smaller than the typical ones (400–500 mV) [11]. The
bias voltage dependence of MR is not obviously asymmetric al-
though the materials and their electronic structures are different
between the top and bottom electrodes.
IV. CONCLUSION
MTJs with a -ordered FePt alloy electrode were fabri-
cated by using the multiple oxidation process. Compared to the
previous results by a conventional single oxidation process, the
magnetotransport properties at RT are much improved. The ob-
served TMR is 18% and 40% at RT and 4.2 K, respectively. The
results show possibilities of the FePt for useful electrode
materials of MTJs.
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